Here, we examined the effects of the aqueous extract of Oxalis barrelieri (O. barrelieri) using some animal models of depression. White mice Mus musculus Swiss of both sexes, two months old where used. 30 minutes after intraperitoneal administration of O. barrelieri, distilled water (10 mL/Kg and fluoxetine (20 mg/kg), behavioral parameters were examined in the forced swimming test (FST), the tail suspension test (TST) and sugar preference test. Behavioral events including mobility were noted. In the FST, a significant increase (p˂0.01) in the immobility onset to 68.33 s and the significant reduction (p˂0.05) up to 33.90% of the immobility time with O. barrelieri at doses 200 and 400 mg/kg respectively were observed. In the TST, O. barrelieri significantly increased (p˂0.01) up to 78.6 s the immobility appearance and decreased the immobility time to 28.65% at dose 200 mg/kg. It was also noted a significant dose-dependent increase (p˂0.05), from 117, 145 and 277%, in sweet water consumption at day 5 with doses 100, 200 and 400 mg/kg respectively. These antidepressant effects, probably through monoamine mechanism would probably be due to the presence of flavonoids and saponins in the aqueous extract of O. barrelieri.
INTRODUCTION
According to a report by the World Health Organization (WHO) and the World Bank Group released on June 12th, 2015, 400 million people do not have access to essential health services and 6% people in low-income countries are exposed to the extreme poverty [1] . With three of the Millennium Development Goals calling for improved health, the strategies currently being promoted by WHO are in the direction of security, efficiency, good quality, availability, preservation and good regulation of traditional and complementary medicine in general and more particularly medicinal plants [2] .
In many countries worldwide, traditional medicine is an important and often underestimated part of health services. The use of plants to cure or prevent chronic and mental diseases has a long history dating back to antiquity; for example the lantana tree, which is known for its many antimicrobial properties; it is particularly effective against bronchitis and other respiratory infections [3] . Now days, the international community is increasingly recognizing that invisible disabilities, such as mental health, are one of the most neglected but most critical development challenges for achieving the internationally agreed development goals. The most common mental disorders are depression and anxiety. Depression, often called "evil of the century" is not a recent concept, but its origin is as far away as the memory of medical literature [4] . Depression is one of the most prevalent psychological disorders in the world [5] . This prevalence has doubled over the last twenty years [6] ranking depression as the fourth leading cause of disability worldwide (with a disability rate comparable to that obtained by combining all types of cancers), making this pathology a public health problem worldwide [7] . Mortality associated with depression remains high, especially in developing countries. Currently, depression has become a common disorder with significant functional, social and economic repercussions; As a result, according to the publication of the WHO, depression will become the second leading cause of disability in the world in 2020 [8] . The resulting dysfunctions, such as anhedonia, insomnia, rumination and loss of motivation, negatively influence the social, family and professional environment of these individuals who find themselves unable to fulfill their roles in the society and become in the most severe cases suicidal [9] . This alarming finding justifies the importance to develop and implement rapid and effective interventions for the treatment of depression. A variety of modern treatments is currently available to cope with the biological and psychosocial symptoms of depression [10] . Treatment with tricyclic antidepressants is the most widely used, regardless of the severity of the disease [11; 12] . Although effective in much of cases of severe and chronic depression (sometimes alone or in combination with psychotherapy), antidepressants are often not more effective than placebo [13] . Despite the widespread use of conventional known antidepressants, they still face a multitude of problems including a lack of action specificity, an impressive number of side effects and the dependence they develop when they are inappropriately used (self-medication) or long term. In addition, in developing countries like Cameroon, the high cost of conventional treatments makes them inaccessible. There are more than a thousand plants traditionally used in the world to fight against depression. These offer a vast repertoire of substances that can potentially be developed into modern pharmaceuticals for use in psychiatry. This resort to traditional medicine has led several actors to invest in ethnobotanical, pharmacological, phytochemical and technological studies [14] ; this for the purpose of developing and marketing improved traditional medicines. Following this global movement, 
MATERIAL

Biological Material
Animals
The experimental animals were white mice of both sexes belonging to Mus musculus Swiss strain, aged about two months and weighing between 18 and 30 g. These animals all came from a colony breded at the animal house of the HTTC of Yaoundé (Cameroon). The animal house of the HTTC is established housed in a room whose environmental conditions are generally those of the surrounding environment (a normal 12-hour light cycle, an average temperature of 23ºC and a relative humidity around 55%). During the entire husbandry period, the animals were subjected to a controlled diet, made from a feed of well-known composition and had free access to tap water. The procedures for handling these animals have been done in strict accordance with the guidelines of the National Guide of Ethics (FWA-IRB00001954) while limiting the number and suffering of animals.
Plant
Whole plants of O. barrelieri were collected in Yaoundé (Cameroon), at Etoudi neighborhood (palace axis, 3°55'0''N; 11°31'0''E) from March to April 2017. The plant's identification was made at the National Herbarium of Cameroon when compared to the specimen number 24759. The collected samples were dried in the shade room for 45 days. The leaves were crushed until a green powder was obtained, then used for the preparation of the decoction and lyophilizate.
Experimental Equipment and Devices
Cylindrical Glass Bowl
The equipment used for the FST was a cylindrical transparent glass vessel (40 cm high x 20 cm diameter), placed on a flat surface. The cylinder was filled with 20 cm of tap water at room temperature, to prevent the legs of the animal from touching the bottom of the cylinder and also prevent its escape through the top.
Suspension Box
The equipment used for the TST was a parallelepiped wood made cage (60 x 40 x 20 cm) opened from the front and placed on a flat surface and comprising a suspension bar at 55 cm from the bottom. During the experiment, the animals were fixed by the tail on the suspension bar using adhesive tape.
Anhedonia Test Device
To evaluate sweat water consumption, each animal was placed in a cage made of small cylindrical basins of lightened plastic (20 x 20 x 20 cm), arranged on a flat surface. Tape and sweat water solutions were delivered to each animal by two transparent containers of 100 ml.
METHODS
Preparation of the Decoction
The powder made of aerial part of O. Barrelieri previously weighed (168 g) was dissolved in 4.18 L of distilled water, brought to a boil for 15 minutes, then leave for cooling. After cooling, the solution was filtered using Whatman N°3 filter paper. The filtrate obtained was lyophilized and a crude extract powder of 34.44 g obtained (a yield of 20.52%).
Preparation of Solutions
Solution of Aqueous Extract O. Barrelieri
Every day, a new stock solution of O. Barrelieri was prepared by introducing 400 mg of the lyophilizate into a 10 mL vial. After adding distilled water to the mark and then homogenizing with a magnetic stirrer, a 40 mg/mL concentration solution was obtained. All solutions were administered to the mice intraperitoneally at a volume of 10 mL/kg. As a result, the dose corresponding to this stock solution was 400 mg/kg. By dilution to ½ and ¼ of this stock solution in distilled water, two other doses required for the experiments (200 and 100 mg/kg respectively) were obtained.
Solution of Glucose 3%
The aqueous glucose solution was prepared at a concentration of 30 mg/1000 mL by dilution of sucrose in distilled water.
Distribution of Animals
For each of the tests carried out during this work, the weighed and selected mice were divided into five groups of six animals each. Animal groups were organized as follows: Group 1 (negative control), consisting of mice receiving only the vehicle solution (distilled water) by oral route; Groups 2, 3 and 4 (test groups), consisting of mice treated with the aqueous extract of O. barrelieri at doses 100; 200 and 400 mg/kg respectively; Groupe 5 (positive control), consisting of mice intraperitoneally treated with the reference drug (fluoxetine) at dose of 20 mg/kg.
Pharmacological Tests
Forced Swimming Test Principle
This test, commonly used for research and investigation of new antidepressant drugs, was first described by Porsolt and his colleagues in 1977 [15] . The test is based upon the observation that a depressed animal, once in a cylinder filled with water, develops an immobile posture. Generally, after administration of antidepressant drugs, animals become more active, with behaviors oriented towards escape and reduced immobility [16] .
Evaluation of the Effects of the Decoction of O. Barrelieri on the Forced Swimming Test Parameters
Young mice aged for eight weeks, weighing between 18 and 30 g were divided into 5 homogeneous groups (sex and weight) of 6 animals each as indicated in the distribution. After marking them on the tail with a permanent marker, animals of the different groups were introduced into a single cage and then had to undergo a particular treatment. For a rational labor's organization, the animals of each group received their treatments at regular intervals. 30 minutes after intraperitoneal administration of the different treatments, each animal was individually forced to swim inside a glass cylinder, filled to a height of 20 cm of tap water at room temperature. The behavior of each animal was then observed and recorded by a video camera for a period of 360 seconds.
Subsequent observation of the different videos allowed the experimenters to note the parameters of the FST including the time of the first immobility appearance (s) and the total immobility time (s).
Tail Suspension Test Principle
The TST, which was first introduced in 1985 to measure the potential efficacy of antidepressants, shares theoretical basis and behavioral measures with the FST. In general, rodents suspended by the tail at a certain height of the ground develop a behavior characterized by early agitation, followed by the development of an almost permanent still posture [17] .
Evaluation of the Effect of the Decoction of O. Barrelieri on the Tail Suspension Test Parameters
The process of distribution and treatment were similar to those described for the FST. 30 minutes after the initial treatments, the behavior of each animal was individually observed and recorded by a camera in the TST paradigm for 360 seconds. After watching the videos, the time when the first immobility appears as well as the total immobility duration (s) were noted.
Anhedonia Test Principle
Initially described for the first time by Willner and his colleagues in 1984, this test is based on the principle that animals subjected to a stressful stimulus show a lower preference for normally appreciated sweet foods; and these effects are reversed or corrected after the administration of various antidepressant drugs [18] .
Evaluation of the Effect of the Decoction of O. Barrelieri on Anhedonia
The consumption of sweet water was measured in 30 animals of both sexes distributed into 5 groups as previously stated.
Here 6 animals, in individual cages received a particular treatment as observed in TST and FST. The anhedonia test was spread over 5 successive days. Each animal was individually placed in a cage and different solution delivered by two bottles (tap water 100 mL and 100 mL sweet water). Bottle positions were to be rotated at 5 hour intervals to avoid addictive bias due to the contents of a single bottle. Each day, different treatments were administered to each group, and 30 minutes later animals in each group were subjected to stressful stimuli for about 30 min. From the day 2 to day 5, the daily consumption level of sweet water (in mL), and the change in weight (in mg) were recorded for each group. 
Phytochemical Screening
Search for Tanins
50 mg of extract were dissolved in 800 μl of distilled water and the whole was heated in a water bath for 5 minutes. After cooling, 50 μl of ferric chloride 3% were added. Obtaining the green or blackish color indicates the presence of catechic tanins and the dark blue coloring of the galic tanins [19] .
Data Analysis
Data were processed using SPSS (Statistical Package of Social Sciences) software version 20.0 for Windows and expressed as mean ± SEM. Data related to different parameters were subjected to analysis of variance (ANOVA), then the averages compared by Dunnet's posthoc test, the P value less than 0.05 was considered statistically significant. Figure 1 shows that the immobility onset increased from 60 ± 0.58 s in mice of the negative control group to 79.5 ± 0.54 s in mice treated with fluoxetine 20 mg/kg. Administration of doses 100 and 400 mg/kg of O. barrelieri resulted in a significant increase (p ˂ 0.05) of 67 ± 0.8 s and 68.33 ± 0.46 s respectively, compared to the negative control group, and the effect produced by the plant at these two doses represents 94 and 95% respectively of those provided by the reference drug fluoxetine. Figure 3 show that the time of immobility onset significantly increases (p˂0.01) after treatment with increasing doses of O. barrelieri. The time of immobility appearance falls from 30.75 ± 0.55 s in animals treated with distilled water to 64.8 ± 0.34 s in animals treated with the dose 200 mg/kg, then 78.6 ± 1.10 s in mice treated with O. barrelieri at dose 400 mg/kg, representing approximately an increase of 110% and 149% respectively. The first immobility appears after 78.5 ± 0.43 s in the group treated with the reference drug. 
RESULTS
Forced Swimming Test
Effect of the Decoction of O. Barrelieri on the
Tail Suspension Test
Effect of the Decoction Of O. Barrelieri on the Delay of Immobility Appearance
Effects of the Decoction of O. Barrelieri on the Immobility Time in the TST
The mean duration of immobility decreased in mice treated with the aqueous extract of O. barrelieri in comparison to the negative control mice treated with distilled water (Figure 4) . 
Sucrose Preference Test
Effect of the Decoction of O. Barrelieri on Mice Body Mass
At day 1, all groups had substantially equal body weight averages ranging from 22.15 ± 0.68 g to 24.7 ± 1.39 g. Between day 1 and day 5, in the negative control group, a significant decrease (p˂0.05) of the animal's body mass of 9% (from 24.7 ± 1.39 g to 22.5 ± 1.45 g) was observed. Contrary, in all the groups treated with the decoction of O. barrelieri, between day 1 and day 5, a significant increase in the average body mass was observed, corresponding to the percentages of 11.87, 11.70 and 20 % for doses 100, 200 and 400 mg/kg respectively. As expected, the treatment of animals with fluoxetine also resulted in a significant increase (p˂0.01) of body mass of nearly 4.5 g (18.66%).
At day 5, the average body mass of mice in the negative control group of 22.5 ± 0.49 g, significantly increased (p ˂ 0.05) at 26.28g ± 0.81g and 28.36 ± 1.02g with dose 400 mg/kg and fluoxetine respectively (increase of 18 and 26% respectively) ( Figure 5 ).
Figure5. Effects aqueous extract of O. barrelieri on the variation of body mass
Each bar represents the average body mass (g) + SEM; with n = 6. * p˂0.05; ** p˂0.01 significant difference comparison between day 1 and day 5 # p ˂ 0.05 significant difference in comparison with the negative control group at day 5. CN = negative control; 100, 200 and 400 = decoction of O. barrelieri at doses 100, 200, 400 mg/kg respectively; CP = positive control (treated with fluoxetine at dose 20 mg/kg), J1 and J5 = day 1 and day 5 of experiments respectively.
Effects of the decoction of O. barrelieri on daily consumption of sweet water
Between day 2 and day 5, in the negative control group, the sweet water consumption decreased from an average volume of 2.8 ± 0.47 mL to 1.75 mL ± 0.47; a significant reduction of about 40% (p ˂ 0.05) ( Figure 6 ). In different test groups, from day 2 to day 5, a dose-dependent increase (not significant from the 2nd to the 4th day) of sweet water consumption was observed with significant maximum values of 3.8 ± 0.70 mL, 4.3 ± 0.53 mL and 6.6 ± 0.49 mL (ie increases of 117, 145, and 277%) observed on day 5, at doses 100, 200, and 400 mg/kg respectively. A similar variation in sweet water consumption to that observed in animals treated with dose 400 mg/kg was observed in the positive control treated with the well-known reference drug ( Figure 6 ).
Figure6. Effects of O. barrelieri on daily sweet water consumption
Each bar represents the average volume of sweet water consumed (mL) + SEM; with n = 6. * p˂0.05; significant difference in comparison between the 2nd and the 5th day in the negative control group. # p˂0.05, ## p˂0.01 significant difference in comparison with the negative control group from day 2 to day 5. Figure 7 , it appears that the total volume of sweet water consumed is about 9 mL in the negative control group. The administration of varying doses of the decoction of O. barrelieri resulted in a dose-dependent increase of the sweet solution consumption, with a significant mean consumption (p˂0.01) of 21.86 ± 0.73 mL at dose 400 mg/kg, which however produced a similar effect to the reference substance (an increase of approximately 48.42%).
Figure7. Effects of O. barrelieri on the total sweet water consumption
Each bar represents the average of the amount of sweet water consumed (mL) +SEM; with n = 6. **p˂0.01 significant difference compared to the negative control group CN = negative control; 100, 200 and 400 = decoction of O. barrelieri at doses 100, 200, 400 mg/kg respectively; CP = positive control (treated with fluoxetine at dose 20 mg/kg).
Phytochemistry
The result of qualitative phytochemical analysis showed that the aerial parts of aqueous extract of O. barrelieri possess phenols, polyphenols, cathechic tanins, flavonoïds, saponins and triterpens (Table 1 ).
Table1. Qualitative phytochemical composition of the aerial parts aqueous extract of O. barrelieri
Phenols Polyphenols Cathechic tanins
Galic tanins
Flavononoids Alkaloids Saponins Triterpens Sterols
+ ++ +++ - ++ - ++ + -
DISCUSSION
The doses used in this study were chosen based on previous studies conducted on this plant in our laboratory [20] , and the therapeutic properties of O. barrelieri against depression like-behaviors have been studied scientifically in vivo, using three classical animal models of depression including the forced swimming, tail suspension, and anhedonia tests. The FST is one of the most commonly used models for evaluating the activity of potential antidepressants. This test is often used in rodents to study the antidepressant activity of the drugs by evaluating the decrease of the total immobility time [15] , and this immobility been the main behavioral parameter noted, resembling a behavioral state of resignation, as seen in human depression [17] . In the FST, the mice are forced to swim in a restricted space from which they can not escape and are activated for a immobility behavior. This behavior demonstrates a state of hopelessness that can be diminished by antidepressants used to treat depression in human [17] . Our results show that the different doses of O. Barrelieri and fluoxetine influenced immobility scores (immobility onset time and immobility time) in contrast to mice treated with a vehicle solution. The main results of the FST indicate that, in the O. barrelieri-treated mice, the immobility time decreases, while the delay of immobility appearance increases, suggesting the presence in O.barrelieri extract of compounds responsible for the antidepressant effects.
For example, the administration O. barrelieri dose at 400 mg/kg provides 95% of the effect observed with the reference drug. These results are correlated with those of Porsolt et al, as well as those of Kulkarni and Mehta who have demonstrated that a net increase in swimming activity implies the antidepressant activity of the substance used [16, 21] . In the TSC as described by Steru and his colleagues, the mice were hung by the tail, using tape to a rod, at 60 cm above the ground. Each trial was conducted for a period of 6 minutes and the main behavioral measure was the duration of immobility, also interpreted as behavioral hopelessness [17] . During the TSC, it was observed a dosedependent and significant increase (p˂0.01) in immobility occurrence for doses 200 and 400 mg/kg, when compared to control group mice; only the dose 400 mg/kg showed effects nearly to fluoxetine. Moreover, at dose 200 mg/kg O.barrelieri significantly (p˂0.05) decreased the mean duration of immobility when compared to the negative control animals. This result corroborates with those of Steru et al and Perrault who suggest that an antidepressant substance administered before the TST reverses immobility and promotes fighting behavior [17; 22] . Anhedonia is a paradigm where rodents are usually chronically exposed to a series of mild stressors and their sugar solution consumption monitored. the chronic moderate stress (CMS) in rodents, originally developed by Willner, represents the animal model the most suitable for studying the pathophysiology of mood disorders as well as their treatment. This animal model is very relevant since it allows inducing behavioral states close to the symptoms observed in the depression in humans [23; 24] . Stressed animals tend to consume less sugar, suggesting an induction of a mild anhedonic state by stress [18; 25] . During this test, the parameters recorded in mice treated with aqueous extracts of O. barrelieri were the total sweat water consumption, the body mass variation between day 2 and day 5, and shift in daily sucrose consumption. During this work, we noticed a significant (p˂0.05) decrease of the body mass in the negative control group between day 1 and day 5. In the negative control group over a five days treatment, it was noticed a significant decrease (p˂0.05) of mice body mass. On the other hand, a dose-dependent increase of the body mass of the groups treated with O. barrelieri when compared to negative control group. Similarly concerning the total consumption of sweat water, it was observed a significant (p˂0.01) dose-dependent increase in total volume of sweat water consumed for the different doses of O. barrelieri. Regarding the daily consumption of sweat water, the results obtained, show a significant reduction (p˂0.05) between day 2 and day 5 in the negative control group thus inducing a loss of about 40% on the starting body mass. In contrast, the body mass of mice treated with O. barrelieri and fluoxetine increased. A stressed mouse is characterized by depressive-like behaviors [26] . The diminished exploration of novelty and sweat food consumption, the loss of body weight are the consequences of chronic stress and thus the development of anhedonia state. Previous studies conducted by David and his team in 2009, through predictive tests of the activity of fluoxetine (selective serotonin reuptake inhibitor) and imipramine (tricyclic), show that chronic treatment with each of these antidepressants blocks the behavioral alterations induced by long-term exposure to corticosterone [26] . In this study the effects of the reference drug (fluoxetine) are comparable to those obtained with O. barrelieri, so it may be suggested that like fluoxetine; Furthermore, results also indicate the presence of large amounts of flavonoids in the extract of O. Barrelieri. Previous studies by Freitas et al. in 2014 and Mai et al. in 2015 reported that many flavonoids possess antioxidant, antiinflammatory, and antidepressant activities in animal studies [27, 28] . The monoamine theory of depression indicates that, the main biochemical causes of depression are metabolic disorders of monoamine neurotransmitters that are involved in NE, 5-HT, and DA signaling [29, 30] . Thus, the anxiolytic-antidepressant effects of O. barrelieri, could involve mechanisms both dependent and independent of the neurogenesis process in many brain areas by setting of a new physiological state, which would probably facilitate an increase of monoamines (serotonin) action [31; 32] . Moreover, the phytochemical study of O. Barrelieri has revealed the presence of saponins. The antidepressant action of theses saponins would be to prevent the analgesic action of morphine and inhibit the development of tolerance and physical dependence caused by morphine.
There is a reduction in hypersensitivity of dopamine receptors [33] , the function of dopamine been perseverance, pleasure, reward.
As a result, the antidepressant effect of the decoction of O. Barrelieri could be explained by the inhibition of morphine synthesis by the neurons.
CONCLUSION
At the end of this work, which focused on evaluating antidepressant properties of aqueous extract of O. barrelieri on some murine models of depression it follows that: Aqueous extract of O. Barrelieri increases the time of onset of immobility and decreases the time of immobility in the forced swimming and tail suspension tests. The aqueous extract of O. barrelieri increases the body mass of the mice as well as the daily and total consumption of sweet water. The main observation that emerges is that, without proven toxic effects, O. barrelieri has antidepressant properties probably induced by constituents such as, flavonoids and saponins.
